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ABSTBACT
Sample t ree data taken at  f i rst  th inning from a wel l - repl icated slash pine spacing tr ia l  are
analyzed. The data are used to examine the ef fects of  spacing, th inning intensi ty,  stock
qual i ty and si te preparat ion of  stem volume by comparison with other data.  Spacing, stock
qual i ty and si te preparat ion were found to s igni f icant ly af fect  form and, thereby, volume of
the thinned trees, but th inning intensi ty did not.  l t  is  proposed that separate volume
equations be used in the estimation for research purposes of volumes in stands planted at
di f ferent spacings.
INTRODUCTION
The volume equat ions used by the Oueensland Department of  Forestry to determine sale volumes are
der ived from sample t rees measured dur ing fe l l ing operat ions in stands subject  to rout ine management.
The current volume equat ion for  merchantable volume to 7 cm top diameter under bark ( t .d.u.b.) ,  for
s lash pine (Prnus el l iot t i i  Engelm var.  e l l iot t i i l  in coastal  areas of  Oueensland was developed dur ing
1973 and has the form:
V = a +
'where A
b A + C H + d A H
= sect ional  area breast high
( 1 . 3  m )  o v e r  b a r k  ( s q  m )
( 1 )
H = predominant  he igh t . '  (m)
This equat ion is-used to compute volumes of  pulpwood for sale f rom plantat ions in south east Oueensland,
thus  any  b ias  in  the  vo lume es t imates  may be  economica l l y  s ign i f i can t .  S ince  1973,  a  number  o f
changes in s i lv icul tural  and mensurat ional  techniques have occurred within the Department,  but
the  imp l ica t ions  o f  these changes have no t  been fu l l y  ana lysed.
In part icular,  merchantable volume equat ions are based on sample t rees taken from stands at  an in i t ia l
spac ing  o f  2 .4  x2 .4  m wh i le  fu tu re  sa les  w i l l  be  predominant ly  f rom s tands  a t  2 .7  x2 .7  m (9r  rec tangu lar
equivalent)  and 3.0 x 3.0 m. Spacing has long been recognized as having a s igni f icant ef fect  on stem form
at f i rst  th inning. Dur ing the 1960's the Department developed and used separate volume equat ions to
determine vo lumes o f  f i r s t  th inn ings  removed f rom s tands  p lan ted  a t2 .1  x2 .1  m and 2 .4x2 .4  m.  The
pract ice was discont inued when spacing was standardized at  2.4x2.4m for some years.  Other
si lv icul tural  factors which could af fect  form are high qual i ty plant ing stock f rom seed col lected in
clonal  seed orchards and intensive s i te preparat ion.  In addi t ion the sample t ree measurement
prescr ipt ion has changed and the methods of  comput ing volume have become more ref ined.
An opportuni ty to examine the ef fects of  these changes arose when a large, wel l - repl icated slash pine
spac ing  t r ia l ,  Exper iment  475 N.C. ,  a t  Beerbur rum was th inned dur ing  1980.
SPACING EXPERIMENT
Establishment Details
Exper iment  475 N.C.  compr ises  four  rep l i ca t ions  o f  f i ve  spac ings :  1 .8  x  1 .8  m,  2 .1  x  2 .1  m,
2 .4  x  2 .4  m,  2 .7  x  2 .7  m and 3 .0  x  3 .0  m.  l t  was  es tab l i shed in  June 1969 in  Compar tment  24 ,
Wi ldhorse  Logg ing  Area,  S ta te  Fores t  611 Beerwah on a  we l l -d ra ined la te r i t i c  podzo l ic  so i l .  The
originaf vegetation was an open forest dominatedby Eucalyptus trachyphloia F. Muell. and E. signata
F.  Mue l l .  The s i te  was c leared ,  w indrowed and burn t ,  w i th  p lough ing  and herb ic ide  app l ica t ion
occuning pr ior  to plant ing.  Plant ing stock was raised from seed col lected in Clonal  Seed Orchard 2
in State Forest  589 Beerwah. Al l  p lots were fert i l ized with Nauru rock phosphate appl ied broadcast
at  31 4kg/ha with 300 stems,/ha being pruned to 5.2 m by age 8 years.  Subsequent refert i l iz ing
occurred at  age 8 years wi th a fur ther addi t ion of  20 k1/ha P (as superphosphate) appl ied broadcast.
Th inn ing  Deta i l s
The exper iment received i ts f i rst  th inning in June 1980 at  age 11 years.  One repl icate of  each spacing
was th inned to  17 .5  sq  m/ha,24 .5  sq  m/ha and 30 .0  sq  m/ha,  w i th  one rep l i ca te  remain ing  un th inned.
These thinned levels correspond to 3.5 sq m/ha below 00,80 and 100 per cent of  l imi t ing basal  area
(Bevege 19721.
Predominan t  he igh t  i s  the  ave rage  he igh t  o f  t he  ta l l es t  50  s tems /ha  samp led  a t  the  ra te  o f
I  pe r  each  O.02  ha  un i t .
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A l l th inned s tems (756) ,  exc lud ing  doub le  leaders ,  were  measured as  sample  t rees  accord ing  to  the
s tandard  prescr ip t ion  (see Append ix ) .  Tab le  1  and F igure  1  i l l us t ra te  the  s ize  d is t r ibu t ion  o f
sample  s tems by  spac ing  and th inn ing  t rea tment  respec t ive ly .
Table 1.  Sample t ree s ize -  spacing distr ibut ion for  Expt 475 N.C.
Spacing (m)
D . b . h . 1 . 8  x  1 . 8 2 .1  x  2 .1 2 .4  x  2 .4 2 .7  x  2 .7 3 .0  x  3 .0
6
7
8
9
1 0
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
20
21
22
23
1
1
3
5
1 9
30
39
49
53
41
33
1 5
1 0
1
1
0
7
6
1 6
20
26
41
31
1 7
1 6
5
2
1
1
4
0
1
1 0
B
1 9
1 7
22
24
1 6
1 0
3
2
1
2
2
4
1 0
5
9
1 6
1 9
1 0
3
2
2
0
4
6
7
5
9
1 1
2
1
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Figure 1 .  Sample t ree s ize d is t r ibut ion for  th inn ing reg imes in  Expt .  475 N.C.
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RESULTS AND DISCUSSION
Effects of Thinning Intensity
Pre l im inary  ana lys is  o f  the  da ta  revea led  tha t  th inn ing  in tens i ty  was no t  s ign i f i can t ly  cor re la ted  w i th
mean stem volume or stem form of the th inned trees, and could be disregarded in subsequent analysis.
Effects of Spacing
Gross volume differences. Merchantable volumes under bark (to 7 cm top diameter under bark) were
determined for each spacing, and this sample t ree volume is contrasted with the volume equat ion
es t imates  in  Tab le  2 .
Table 2. Estirnates of mean merchantable volume to 7 cm t.d.u.b.
Spacing (m)
1 . 8  x  1 . 8 2 .1  x  2 .1 2 .4  x  2 .4 2 .7  x  2 .7  3 .0  x  3 .0
(a) Sample tree volume
(b) Volume Equation 030273
Percentage dif ference r t00a, b
b
0.060
0.047
+27.7
0.078
0.069
+ 1 3 . 0
0 . 1 0 6
0.097
+9 .3
0 .121  0 .144
0 . 1 1 6  0 . 1 4 5
+4.3 -  0 .7
Volume Equat ion 030273 (Old.  Dep.For.  records) was der ived from 1125 sample t rees f rom rout ine
stands planted at  2.4 m x 2.4 m. Comparable sample t rees f rom this exper iment have a substant ia l ly
higher volume than that predicted by the equat ion.
Measurement echniques. sample trees on which equation 030273 was based were measured according
to the lmperial proforma, which required under bark girth measurements at the midpoint of each 10 feet
(ca 3 m) sect ion.  Volumes were determined by Hu-ber 's formula,  in i t ia l ly  adopted for ease of  calculat ion
of volumes. Current pract ices require that  under bark diameter measurements on sample t rees are taken
at  0 .2  m and 0 .5  m as  we l l  as  the  iegu la r  3 .0  m in te rva ls  a long the  s tem.  Vo lumes are  computed us ing
Newton's formula.
Repl icate measurements conforming to the lmperial  sample t ree prescr ipt ion were not measured, but were
interpolated mathematical ly (Grosenbaugh 1966).  Volumes were computed by both Huber 's and Newton's
technique for imper ia l  sample t rees, and are compared with the current pract ice in Table 3.
Tabfe 3. Mean stem volumes for stems sampled frmt stands planted at 2.4 x 2.4 m
Measurement Technique Volume Calculation Mean Stem Volume
Metr ic
lmper ia  I
lmper ia  I
Newton
Newton
Huber
Equation 030273
0.1 06
0 . 1 0 5
0 . 1 0 4
0.097
Table 3 suggests that  the di f ferences evident in Table 2 cannot be at t r ibuted to changes in Departmental
pract ice of  measur ing sample t rees and comput ing volumes. Stat ist ical  analysis conf i rms that the three
methods of  determini"ng uoiurn" in Table 3 y ie ld ei t imates which are not s igni f icant ly di f ferent '  The
di f ferences evident in Table 2 must be at t r ibuted to changes in stem form.
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Effects of Stem form
An equat ion of  the form (1)cannot be computed for the data in th is exper iment,  because of  the restr icted
range of  predominant heights.  For the purposes of  comparison, an equat ion of  the fo l lowing form is
convenient:
V  =  a + b A H
Table 4 shows equat ions of  th is form der ived from three sources" These relat ionships are i l lustrated in
F igure  2 .  The Rose Creek  da ta  were  inc luded as  the  on ly  ava i lab le  sample  o f  s im i la r  p redominant  he igh t ,
diameter distr ibut ion and age.-  l t  was also taken from a stand that received no mechanical  s i te preparat ion
and is not of  orchard stock.  l t  is  located in the v ic in i ty of  Expt 475 N.C.
Table 4. Equations derived from different sources to i l lustrate seed source and site preparation
effects on volume
V - - a + b a H Samples i z e
(a) O30273Cross Product Matrix f V, - -0.041 52" + 0.3704AH" 
l l 
f i25
(b) 1968 Rose Creek Data t V,  i  -0 .02519b+ 0 .3536AH "  66
( c )  E x p t 4 7 5 , 2 . 4 m  x  2 . 4 m  o n l y $  V ,  =  - 0 . 0 3 8 5 6 " +  0 . 4 0 7 9 A H d  1 3 3
t  Der ived from cross product matr ix computed in 1973 using lmperial  measurements and
Huber 's formula
+ Derived from sample t rees f rom Cpt 12 Rose Creek L.A.,  p lanted 1957 (30 trees) and Cpt 16
Rose Creek L.A.,  p lanted 1958 (36 trees) wi th predominant heights 15.0 and 14.2 respect ively.
Computed using lmperial  measurements and Newton's formula.
S Derived from 133 sample t rees f rom Exper iment 475, planted at  2.4m x 2.4m, wi th predominant
heights 15.0 to 15.2 m. Computed using Metr ic measurements and Newton's formula.
l l Parameters with different superscripts are signif icantly different at the 5 p,er cent level
Table 4 c lear ly indicates that there is evidence to suggest that  the sample t rees of  Exper iment 475 N.C.
have different form than those from Rose Creek. Unfortunately, there are no data to determine whether
this di f ference may be at t r ibuted to genet ic improvement or to intensive s i te preparat ion at  th is point .
Having explained the discrepancy between sample t ree and volume equat ion volumes for t rees planted
at 2.4 x 2.4 m, we can now invest igate the ef fect  of  spacing on form"
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Figure 2. Sample tree volulres derived fronr these sources - Expt 475 N.C.,
Rose Ck data and sample tree data base
When equat ions of  the form:
V - a + b A
were f i t ted to the data f rom each spacing, no signi f icant ef fect  due to
However,  predominant height is correlated with spacing, and al though
l i t t le,  equat ions of  the fo l lowing form are more appropr iate:
V  = a  +  b A H
( 3 )
spacing could be detected.
predomi nant height varies
( 4 )
l f  equat ion (c)  of  Table 4 is appl ied to sample t rees f rom other spacings, the ef fects of  in i t ia l
spacing becomes immediately apparent (Table 5).  The di f ferences are consistent wi th ear l ier  studies
by  R.D.  Beck  (persona l  communica t ion) .
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Table 5. Sample tree volumes, gross and harmonized differences by spacing
Spacing (m)
Source 1 . 8  x  1 . 8 2 .1  x  2 .1 2.4 x  2.4 2.7 x  2.7 3 .0  x  3 .0
Sample t ree volume ( a ) 0.060
0.057
+5.3
+6
0.078
0.079
-1.2
+3
0 .1  06
0 .106
0 . 0
0 . 0
0.121
0 .126
-  4.0
- 3
0 .144
0 . 1 5 4
-  6 . 5
- 6 I
III
I
/II
Equat ion (c)  in  Table 4 (b)
Percentage difference 100 (+)
Harmonized percentage diff erence
Effects of site preparation. The results from Experiment 475 N.C. were compared to Experiment
530 N.C. ,  a  t r ia l  wh ich  was p lan ted  in  1966 a t  a  spac ing  o f  3 .0  x  2 .7  m wi th  seed o f  a  comparab le
qual i ty but wi thout mechanical  s i te preparat ion.  The sample t rees f rom the f i rst  th inning of  Exper iment
530 N.C. (149 stems) were analysed to y ie ld an equat ion of  the form:
v,  -0.0331 + 0.3697AH
w h i l e  t h e  p o o l e d '  3 . 0  x  3 . 0  m  a n d 2 . 7  x  2 . 7  m  s p a c i n g s  o f  E x p e r i m e n t 4 T S  N " C . ( 1 3 0  s t e m s )
y i e l d :
v ,  =  - . 0 . 0 3 4 7 6 + 0 . 3 9 4 1 A H
Equat ions (6) and (7\  are s igni f icant ly di f ferent in s lope but not in intercept.  Thus the increased
slope of  equat ion (7) may be at t r ibuted to the ef fects of  mechanical  s i te preparat ion.
Form class equat ion.  Equat ions of  the form (4) were computed for each in i t ia l  spacing, and stat ist ical
tests indicated that al though the intercepts were s igni f icant ly di f ferent,  the s lopes were not s igni f icant ly
di f ferent at  the 5 per cent level .
A  s i n g l e  e q u a t i o n :
V, - -0.02126 0.0062025 + 0.394SAH
where S is in i t ia l  spacing between rows and trees
i n  m e t r e s ,  ( 1 . 8 ,  2 . j ,  . . .  I
and A,H are as previously def ined
can be  used to  es t imate  vo lumes fo r  a l l  spac ings .  The imp l ica t ion  o f  th is  i s  tha t  i t  i s  inva l id  to
apply a s imple percentage correct ion factor to der ive volumes from stands planted at  varying in i t ia l
spacings, as the di f ference is not proport ional ,  but  constant for  a given spacing. Obviously,
Equat ion (5) should not be appl ied to stands outside the range of  predominant height in th is
exper iment.
Stat ist ical  analysis reveals that  spacing has no ef fect  on stem taper above 5.0 metres,  but below
th is  leve l ,  i t  has  a  s ign i f i can t  e f fec t ,  w i th  s tems f rom wider  spac ings  hav ing  grea ter  taper .  Th is
effect becomes more pronounced in the butt region (Figure 3).
( 6 )
(7'  )
( 5 )
t  The  da ta  f  rom the  two  s  pac  ings
are  no t  s ign i f i can t l y  d i f f e ren t ,
s p a c i n g  o f  3 . 0  x  2 . 7  m .
m a y  b e  p o o l e d  a s
e i ther in s lope or
the i r  ind iv  idua I  equat i  ons
in te rcep t .  C  omb ined ,  they
( V - - a  +  b A H )
g ive an ef fec t ive
7 .
M N
I H
E
I
o
o
o 5
o
F
o
o
, 4
G
'o
q)
E,
where lN sect ional  area calculated using the imper ia l  Newton technique
MN sect ional  area calculated using the metr ic  Newton technique
lH  =  sec t iona l  a rea  ca lcu la ted  us ing  the  imper ia l  Huber  techn ique
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Figure 3. Sample tree profi les calculated by three techniques (Sample tree PEVEO2I
Th is  suggests  tha t  a  fo rm-c lass  vo lume equat ion  wh ich  cou ld  be  app l ied  to  s tems f rom any  in i t ia l
spacing, could be developed using two diameter measurements,  one at  breast height,  and the other at
5.0 m, or more convenient ly,  at  2.0 m. Some prel iminary work on this topic has been performed
dur ing  the  1960 's  by  inc lud ing  sec t iona l  a rea  over  bark  a t  15  fee t  (ca  4 .6  m)  in  regress ion  equat ions .
CONCLUSIONS AND RECOMMENDATIONS
Analyses of  sample t rees thinned from Exper iment 475N.C. have revealed these important facts:
1.  Changes in Departmental  pract ice of  measur ing sample t rees and comput ing volumes have
not af fected the est imates of  saleable stem volumes der ived from f  i rst  th innings.
2 .  S lash  p ine  s tands  es tab l i shed us ing  C lona l  Seed Orchard  s tock  and in tens ive  s i te  p repara t ion
techniques have di f ferent form to those from other seed sources or methods of  establ ishment.
3 .  Spac ing  has  a  s ign i f i can t  e f fec t  on  s tem fo rm,  and the  s tandard  vo lume equat ion  may y ie ld  b iased
est imates of  volumes in stands planted at  non-standard spacings.
F1 .
2 .
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Recognizing these findings and noting that current Departmentat practice is to use orchard grade
seed for al l  p lant ings,  to plant at  an in i t ia l  spacing of  3.0 x 3.0 m, and to use mechanical  J i te
preparation, it is recommended that:
A  new vo lume equat ion  shou ld  be  computed fo r  commerc ia l  pu lp  th inn ings  in  s lash  p ine .
A form-class volume equat ion should be developed for research use, to al low volumes to be
es t imated independent ly  o f  in i t ia l  spac ings"
ACINOWLEDGEMENT
This work forms part of the Oueensland Department of Forestry's research programme and thanks are
due to al l  of f icers involved in the development of  th is exper iment.  Part icular thanks are due to
Mr N"B. Henry who provided useful  comments on the manuscr ipt"
REFERENCES
Bevege,  o . t . { t9721.  G i r th  and basa l  a rea  growth  o f  s lash  p ine  (P .  e t t io t t i i  var "  e l l io f t i i  Eng l . )
and the i r  s ign i f  i cance to  p lan ta t ion  management  in  Queens land.  Q ld .  Dep.  fo r .
Res. pap. No. 2:69 pp"
Grosenbaugh, L.R. (1966).  Tree form: def in i t ion,  interpolat ion,  extrapolat ion.  Forest .  Chron. 42(41:444-457.
I
I
II
9 .
APPENDIX
Sample Tree Measurements
Selection of Sample Trees
The genera l  a im is  to  ob ta in  fo r  each vo lume tab le  requ i red ,5  sample  t rees  per  1  cm d .b .h .  c lass
within each 2 metre predominant height c lass.  A separate volume table wi l l  be required for each
major  spec ies  or  var ie ty ,  and fu r ther  sub-d iv is ion  may be  requ i red  by  d is t r i c t  and in i t ia l  spac ing .
A s ta tement  o f  sample  t ree  da ta  cur ren t ly  ava i lab le  in  d .b .h .  and predominant  he igh t  c lasses  is
ava i lab le  on  reques t .  Sample  t rees  are  normal ly  ob ta ined in  the  course  o f  th inn ingopera t ions ,
and when a sui table exper iment is being thinned, sample t rees should be measured i f  required in
the  s izes  ava i lqb le .  Where  a  spec ia l  check  on  a  vo lume tab le  i s :be ing  car r ied  ou t  in  a  rou t ine
thinning area, temporary plots are establ ished, preferably of  an area suff ic ient  to y ie ld at  least
20  th inn ings ,  bu t  no t  g rea ter  than 0 .2  hec tares .  l t  i s  impor tan t  in  vo lume tab le  checks  tha t  a l l
normal  th inn ings  on  the  p lo ts  a re  measured as  sample  t rees ,  and on ly  use less ,  bad ly  damaged or
double stems should be excluded.
Recording of Measurements
From F.D.H.241b must be used. Comments on var ious i tems on this form fot low:-
1 .  Spac ing  is  in i t ia l  spac ing  in  met res  to  one dec ima l  p lace  e .g .  a  s tand p lan ted  a t  7  f t .  x7  f t
wou ld  be  shown as  2- .1  m x  2 .1  mor  9  f t  x  B  f t  as  2 .7  m x  2 .4  m.
2.  Average predominant height is in metres to one decimal place. This should be taken at  the
t ime of  measurement of  the sample t rees.
The predominant height should apply to the area from which the sample t rees are taken, and
i f  th is  inc ludes  the  iso la t ion  as  we l l  as  the  ne t  p lo t ,  then the  predominant  he igh t  shou ld  be
determined for the gross plot.
Where several  groups of  sample t rees with varying predominant heights are being measured,
each group should be recorded on a separate sheet.
3.  Thinning stage should include approximate stocking before and af ter  th inning e.g.  T4 500/400
indicates a fourth th inning with the stand being reduced from 500 to 400 stems per hectare.
4 .  D.b .h .  i s  in  cent imet res  to  one dec ima l  p lace .
5 .  To ta l  he igh t  i s  in  met res  to  one dec ima l  o race .
6 .  S tem c lass  is  in tended pr imar i l y  to  ident i f y  p runed s tems.  A t  th is  s tage the  fo l low ing  c lasses
shou ld  be  used:
. T : unpruned
.  P1 :  p runed to  10  f t  (4 .9  m)
.  P2:  p runed to  21  f t  (6 .4  m)
.  P3:  p runed to  35  f t  (10 .7  m)
7. Other measurements.  Diameters overbark and underbark should be measured at  heights aboveground of  0.2 metres,0.5 metres,  2.0 metres and then each 3.0 metres along the stem, given a
n o m i n a l  s e q u e n c e  o f  h e i g h t s  o f  m e a s u r e m e n t  o f  0 . 2 , 0 . 5 , 2 . 0 , 5 . 0 , 9 . 0 ,  1 1 . 0 ,  t 4 . 0 ,  l l . , o , 2 o . o ,
23 .0 ,26 .0 ,29 .0 ,32 .0 ,35 .0 ,  38 .0  and 41 .0  met res  above ground.  The ac tua l  po in t  o f  measurement
may be moved up to 0.5 m above or below a nominal  measurement point  to avoid branches or other
s tem i r regu la r i t ies ,  thus  e l im ina t ing  the  nccess i ty  fo r  doub le  measures  o f  d iameter .  A  min imum of
4 and a maximum of 15 measurement points should be included. ln the case of  stems above
44.0 m in height the distance between measurement points in the upper part  of  the stem should be
increased as necessary.  At  each measurement point ,  t l  e actual  height in metres to the nearest
0.1 m and diameters overbark and underbark in cent imetres to the nearest  0.1 cm should be
recorded.
|  68  |  O /  2  /  82-300 Bks-Pz L-Govt ,  p r in te r ,  e td
